Column chromatography of selected Venezuelan equine encephalomyelitis (VEE) viruses on calcium phosphate gel offered a simple and reproducible method for examination of biochemical characteristics and relatedness of strains within the VEE complex. Members of antigenic subgroup I demonstrated a series of elution profiles within a narrow range of 0.22 to 0.25 M phosphate buffer. Members of antigenic subgroups II, HI, and IV differed substantially among themselves and viruses of antigenic subgroup I. These differences in elution behavior may contribute to understanding of observed differences in biological behavior and antigenic variation among VEE viruses.
Column chromatography of selected Venezuelan equine encephalomyelitis (VEE) viruses on calcium phosphate gel offered a simple and reproducible method for examination of biochemical characteristics and relatedness of strains within the VEE complex. Members of antigenic subgroup I demonstrated a series of elution profiles within a narrow range of 0.22 to 0.25 M phosphate buffer. Members of antigenic subgroups II, HI, and IV differed substantially among themselves and viruses of antigenic subgroup I. These differences in elution behavior may contribute to understanding of observed differences in biological behavior and antigenic variation among VEE viruses.
The absorptive capacity of calcium phosphate in columns, employed initially as a simple and useful chromatographic tool for the purification of influenza virus (11) , has since been adapted for use with herpesviruses (12) and adenoviruses (9) . This procedure has recently been used to demonstrate different elution profiles among members of the group B arboviruses (10) , vaccine and progeny strains of polioviruses (6) , and plaque variants of mengovirus (7), encephalomycarditis (2) , and Sindbis viruses (1) . Although the Venezuelan equine encephalomyelitis (VEE) complex represents a group of viruses exhibiting similar biological behavior, subtle antigenic variation among these viruses has been observed (14) . The present study describes results obtained by calcium phosphate chromatography of selected strains of VEE virus in an attempt to examine unique properties possessed by members of this complex.
MATERIALS AND METHODS
Viruses. The viruses used in this study (Table 1) are representative of the VEE antigenic subgroups defined by Young and Johnson (14) by employing the kinetic hemagglutination inhibition technique.
Concentration of virus. Virus seed stocks were grown in 18-hr-old primary duck or chick embryo cells maintained with Medium 199 containing Earle's balanced salt solution and 0.5% human serum albumin. After 18 hr at 37 C the maintenance medium was pooled, and cell debris was removed by centrifugation at 600 x g. Stock virus preparations 91 were concentrated and partially purified without pelleting by a modification of the method of Gruber (5) . Prior to ion exchange chromatography 500-ml virus preparations were dialyzed overnight against 5 liters of distilled water. The virus was then applied to a column (4.5 by 45.0 cm) containing 15 g (dry weight) of charged diethylaminoethyl-cellulose equilibrated with 0.01 M NaCl and 0.01 M Na2HPO4 buffer, pH 7.2. The column was washed with 500 ml of phosphate buffer, and the virus was eluted with tris(hydroxymethyl)aminomethane (Tris)-saline sodium succinate buffer (TSS; 0.7 M sodium chloride, 0.08 M sodium succinate, and 0.05 M Tris) at pH 10.0. Twenty 5.0-ml fractions were collected, and tubes containing peak viral activity were pooled and then banded on 5.0 ml of 45% sucrose in TSS at 65,000 x g for 2.5 hr. The virus band was harvested and dialyzed overnight against 0.005 M phosphate buffer, pH 7.4, prior to chromatography on calcium phosphate.
Chromatographic technique. The brushite form of calcium phosphate (CaHPO4 2HO) was prepared from 0.5 M CaCl2 and 0.5 M Na2HPO4 as described by Burness (2) . The gel was stored at 4 C in 0.005 M phosphate buffer, pH 7.4, until used. Columns were prepared by pouring 75 ml of the slurry into a glass column (2.0 by 50.0 cm). After a 15-min settling period the gel was washed with 0.005 M phosphate buffer until the surface position was constant (routinely, a 25-ml packed volume). The column was checked for channeling or skewing with a band of bromcresol purple, and the amount of eluate collected before the first drop of dye appeared was considered the void volume. A 1-ml amount of the concentrated, partially purified virus (ca. 1010.5 plaqueforming units/ml) was then added to the gel, and a linear gradient of elution buffer (0.1 to 0.6 M phosphate buffer, pH 7.4) was applied. The flow rate of the column was 0.5 to 1.0 ml/min, and 5.0-ml fractions were collected. The infectious virus titer of each fraction was determined by plaque assay.
Plaque assay. Plaque assays were performed essentially as described by Dulbecco and Vogt (4). Serial 10-fold dilutions of the column fractions were prepared in phosphate-buffered saline containing 1.0% normal rabbit serum, penicillin (100 units/ml), and streptomycin (50 gtg/ml). A 0.1-ml amount was added to 25-cm2 flasks and allowed to adsorb for 1 hr at 37 C. The cells were then overlaid with 5.0 ml of Medium 199 containing Earle's balanced salt solution, 3.0% calf serum, 1.0% Ionagar, penicillin (100 units/ml), and streptomycin (50 ;g/ml). After incubation at 37 C for 48 hr, the cells were overlaid with 2.0 ml of neutral red (0.1 mg/ml) in Hanks balanced salt solution to facilitate reading of plaques.
Hemagglutination technique. Hemagglutination tests were performed by the method of Clarke and Casals (3).
RESULTS
Column chromatography utilizing calcium phosphate provided a simple method for evaluating members of the VEE complex. In our procedure 1.0-ml samples of virus applied to 25 ml of packed gel provided reproducible chromatographic separation, good flow rates, and routine recovery of at least 90% of the virus. Figure 1 illustrates the results of chromatography with the TC-83 vaccine strain of VEE virus. This pattern is representative of the antigenic subgroup I VEE viruses examined. Both virus and hemagglutinin activity eluted in a sharp peak which was associated with a minor peak of optical density. The phosphate molarity, which corresponded with maximal infectivity of VEE viruses, is shown in Table 2 . We found that antigenic subgroup I varieties elicited virus peaks in a very narrow range which suggests an intimate biochemical relationship.
Members of antigenic subgroups II, III, and IV exhibited unique profiles. Examination of Fe 3-7c (subgroup II) exhibited two peaks of virus infectivity (Fig. 2) , which suggested a differentiation of plaque size variants. Figure 3 represents the combined elution profiles of Mucambo, Pixuna brane. Calcium phosphate chromatography was selected for purification of selected members of the VEE complex to study their biochemical properties. We observed that VEE viruses were amenable to elution from the gel by a linear gradient (0.1 to 0.6 M) of phosphate buffer, pH 7.4. The virus strains examined were eluted within a range of 0.19 to 0.36 M phosphate. Among the members of antigenic subgroup I, virus peaks were detected within very narrow limits (0.22 to 0.25 M). This finding reinforces the serological relatedness of these viruses (14) . Spertzel and McKinney (in press) have reported that a Ib strain was responsible for the outbreak of VEE among equines in the United States during 1971. We found that a VEE isolate from mosquitoes collected in Texas during the epizootic eluted in the same manner as the subgroup I VEE viruses. In utilizing our chromatographic technique we have not succeeded in clearly differentiating the attenuated TC-83 strain from the parental, virulent Ia (Trinidad) strain.
The Fe 3-7c prototype virus (antigenic subgroup II) gave an elution pattern which exhibited a bifurcated peak. We have found that this virus population consisted of approximately equal numbers of small and large plaque-forming viruses (unpublished data Symbols: *--*, Mena II plaque-forming units (PFU) per ml; U--U, Mucambo PFU per ml;
A--A, Pixuna PFU per ml; *--*, phosphate molarity.
tein composition, possibly in terms of amino acid sequence or unique amino acids (1, 2) ; however, the exact nature of this difference, as expressed by elution on calcium phosphate, remains to be elucidated, We have extended the use of calcium phosphate chromatography to the study of the VEE complex of group A arboviruses. Elution characteristics of members of this complex offer another means to investigate the interrelationships of these viruses. In addition the virus product obtained from a linear elution gradient may be utilized for detailed physical and chemical analyses.
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